The alkyne functionalised bidentate N-donor ligand (2-propargyloxyphenyl)bis(pyrazolyl)methane (L) was prepared in high yield from the reaction of (2-hydroxyphenyl)bis(pyrazolyl)methane with propargyl bromide in the presence of base. A series of transition-metal complexes including [ 4 ]PF 6 results in formation of the cationic, mixed-metal complexes, which were isolated (Pt/Pd, Au/Pt) or detected by electrospray mass spectrometry (Au/Cu, Pt/Cu).
Introduction
The large family of bis-and tris(pyrazolyl)borates, commonly referred to as "scorpionate ligands", that were pioneered by Trofinmenko in the 1960s have seen extensive use in modern coordination chemistry.
1-5 A vast number of transition-metal and main-group metal complexes containing these ligands and their substituted or otherwise modified derivatives have been synthesised and structurally characterised. In contrast, neutral analogues of the scorpionates such as bis-and tris(pyrazolyl)methanes have received considerably less attention.
6-8 More recently however, a variety of "heteroscorpionate" ligands based on bis(pyrazolyl)methane derivatives containing additional donor atoms such as O, N and S have been reported; some examples are illustrated in Fig 1. 
5,9
In our group with have developed heterometallic gold/silver complexes and have also studied the chemistry of various phosphinegold(I) acetylide complexes.
10- 13 In pursuing our interest in this area of chemistry we wished to design a ligand possessing an alkyne functionality as well as a bidentate N-donor site. Such a ligand should form metal acetylide complexes via the alkyne unit and, at the same time, could be coordinated to different metal centres through the N-donor atoms. For this purpose, alkyne functionalisation of a bis(pyrazolyl)methane derivative seemed the most obvious choice so we began to explore the synthesis and coordination chemistry of such a ligand. The results of our endeavours are reported here. 4 ]PF 6 and the resulting solutions were analysed by HR-ES mass spectrometry.
X-Ray crystallography
Crystals of L, 8 and 9 were mounted in oil on a glass fibre and data were collected at 100 K on either Oxford Diffraction XCalibur2 or Bruker APEX CCD diffractometers. Data were reduced and absorption corrections applied using CrysalisRED, 19 SAINT
20
and SADABS. 21 The structures were solved by direct methods and refined to F o 2 using full-matrix least squares. 22 Hydrogen atoms were placed at calculated positions and refined as riding on their respective carbon atoms. The hydrogen atoms in 8 were located on the difference map and refined isotropically. The crystallographic and refinement details are listed in Table 1 .
CCDC reference numbers 620814-620816. For crystallographic data in CIF or other electronic format see DOI: 10.1039/b613311h
Results and discussion

Ligand synthesis
The alkyne functionalised scorpionate ligand (2-propargyloxyphenyl)bis(pyrazolyl)methane (L) was easily prepared in very high yields from the reaction of (2-hydroxyphenyl)bis-(pyrazolyl)methane 16 with propargyl bromide and K 2 CO 3 in refluxing acetone (Scheme 1). We wish to point out here that ligand L should be considered a "true" scorpionate, since the three donor sites (pyrazolyl and alkyne units) resemble the claws and the stinger of a scorpion much closer than the tris(pyrazolyl)methanes or borates.
Scheme 1
All spectroscopic and analytical data (see Experimental section) are consistent with the proposed structure of the compound, which was confirmed by a single-crystal X-ray diffraction study (Fig. 2) .
The structure of L closely resembles that of its parent (2-hydroxyphenyl)bis(pyrazolyl)methane.
16 molecules of L consist of two pyrazole rings, oriented in a roughly antiparallel manner with respect to each other, N-bonded to the methine carbon. The 2-propargyloxyphenyl group is attached to the bis(pyrazolyl)methane unit and rotated by ca. 30
• out of the 
Coordination compounds of L
Initially we examined the behaviour of L as a bidentate N-donor ligand by preparing some Ag(I), Cu(II), Ni(II), Co(II), Zn(II) and Pd(II) complexes. With exception of the Pd(II) derivatives (see below), the M(II) complexes were easily prepared in good yields, by simply mixing ethanolic solutions containing appropriate amounts of L and the metal salts (Scheme 2).
Scheme 2
The compounds were characterised by IR spectroscopy, mass spectrometry and, where possible, by 1 H NMR spectroscopy. All of the dichloro compounds, except the Zn(II) derivative, were poorly soluble in common organic solvents, suggesting the possibility of a dimeric or polymeric structure. This was indeed confirmed by an X-ray diffraction study of [CoCl 2 L] 2 (7) and [ZnCl 2 L] (9). The structure of the bright blue, five-coordinate Co(II) complex (Fig. 3) consists of a chloro-bridged dimer of MCl 2 L units.
The coordination about the metal atoms can be described as distorted trigonal bipyramidal. The configuration of the sixmembered ring formed by the bis(pyrazolyl)methane and the Co centre has a boat configuration with the methine proton in an equatorial position. One of the ligand nitrogen atoms is trans to one of the bridging chlorides, whilst the other nitrogen is trans to the non-bridging Cl − ligand. The Co-N distances there are p-stacking interactions of ca. 3.8 Å between the propargyloxyphenyl groups of adjacent dimer molecules resulting in a polymeric chain as shown in Fig. 4 .
The structure of the Zn(II) derivative (Fig. 5) (10) . The spectral data of 10 (see Experimental section) are fully consistent with the proposed structure, particularly informative is the ES mass spectrum, the isotopic distribution of which matches perfectly with that computed for the doubly charged [Pd(dppe)(L)] 2+ cation. Attempts to deprotonate the alkyne of the coordinated ligand to form alkynyl complexes with other metals only led to decomposition or insoluble materials. Furthermore, the poor solubility of many of the [ML] derivatives described here hampered further reactions. The proton NMR spectrum of the compound shows a singlet resonance due to the OCH 2 group, indicating loss of the acetylenic proton, which is further confirmed by the absence of a ≡C-H band in the IR spectrum of the complex. The FAB mass spectrum shows a weak signal for the molecular ion peak, the isotope (14) in good yields (Scheme 5). These complexes were characterised by NMR spectroscopy and ES mass spectrometry. The former clearly are consistent with the proposed structures, in particular the 31 P{ 1 H} NMR spectra shows two distinct signals corresponding to the dppe and PPh 3 phosphorus atoms, respectively. In the case of 14 platinum satellites (J Pt-P = 2620 Hz), typical for trans platinum(II) complexes, are observed. Unfortunately, the ES mass spectra were not very informative as many unassignable fragments containing Pd/Au and Pd/Pt with various charges could be observed. No molecular ion peaks were detected under various different instrument conditions.
Conclusions
We have shown here that the new scorpionate (2-propargyloxyphenyl)bis(pyrazolyl)methane is a versatile ligand that can form simple coordination compounds via the nitrogen atoms of the bis(pyrazolyl) unit as well as organometallic complexes through C-coordination of the alkyne functionality. Furthermore, we have demonstrated that both of these coordination modes can operate at the same time to form heterobimetallic Au/Pd, Cu/Pd and Pt/Pd complexes. 2+ (top), computed isotope pattern (bottom).
